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Abstract 
The present study was carried out to obtain a preliminary assessment on the vitality of cation exchange capacity (CEC) in surface 
sediments of the Merambong Shoal, Johor collected from 20 sampling points. Physicochemical parameters (pH, Eh, salinity and 
electrical conductivity), organic matter and exchangeable cations were determined in the laboratory. The total cation exchange 
capacity in sediment has been calculated by the determination of K+, Na+, Ca2+ and Mg2+ using the flame atomic absorption 
spectrophotometer. The pH (8.05-8.34), Eh (-66.27-49.10mV), salinity (5.50-11.40ppt), electrical conductivity (9.70-19.00 
mS/cm), organic matter (0.34-0.93%), exchangeable potassium (0.42-1.34 meq/100g), exchangeable sodium (1.23-25.26 
meq/100g), exchangeable calcium (1.15-4.56 meq/100g) and exchangeable magnesium (1.23-2.21 meq/100g) of sediment 
samples showed variations. PCA was adopted to identify the controlling factors of CEC. The result shows that halite mineral 
(NaCl) and electrical conductivity are components that influence the exchangeable sodium. Thus, the presence of seawater, 
sediment mineralogy and organic matter proves that it does play an important role in influencing the exchangable cations in 
sediment of Merambong Shoal.  
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1.Introduction 
CEC refers to the total capacity of soil to hold, absorb and exchange cations. CEC represents the amount of 
negative charges in soil existing on the surfaces of clay and organic matter5. The ability of sediment to bind with 
cations often measured by CEC which could relate to migration of metals in soil [1]. Difference abilities for cation 
in exchanging cation process may be varied due to several factors such as pH, particle size and organic matter 
content in soil or sediment. Unfortunately, there is lack of studies on the importance of organic matter and CEC 
towards the environment in Malaysia, especially concerning on estuary sediment. Therefore, this study is important 
as it provides background status on CEC for estuary sediment of Merambong Shoal. Furthermore, present study 
generates a profound understanding towards importance of CEC binding and metals migration in sediment.  Thus, 
this study aimed (i) to determine the physicochemical parameters (pH, Eh, electrical conductivity (EC), salinity, loss 
on ignition (LOI) and cation exchange capacity (CEC) of sediment and (ii) to identify the controlling factors by 
using Principle Component Analysis (PCA) that contribute to the exchangeable cations in sediments of Merambong 
Shoal, Johor.  
2.Materials and method 
This study was conducted at Merambong Shoal (1020.137’N, 103036.158’E) within the Sungai Pulai estuary, 
Johor Straits, Malaysia, during extreme low tide in June 2013. A total of 60 surface sediment (0-10cm) were 
collected from 20 sampling points using plastic scoop later homogenised into an acid-washed polyethylene zip 
locked bag. The samples were preserved in icebox (<4°C), transported to laboratory and kept refrigerated at −20°C 
prior to analysis. The surface sediments were air-dried until constant weight is achieved, and after homogenization 
using pestle and mortar, passed through a 2-mm mesh screen for physicochemical and exchangeable cations 
analyses. The pH, Eh, salinity and electrical conductivity of sediment samples were determined in triplicates to 
improve the measurement of variation using the pH meter (Orion 230 A+, Thermo Scientific, USA) and YSI 63 
(YSI Inc., Yellow Springs, Ohio) with 1:2 ratio of sediment and Mili-Q® ultrapure water. Loss on ignition method 
was conducted in order to determine organic matter in sediment samples. In order to determine the total 
exchangeable cations analysis for sediment samples, cations displacement method by using sodium chloride (NaCl) 
and ammonium chloride (NH4Cl) [2,5,6] were employed in this study. NaCl solution was used to determine 
exchangeable cations of potassium (K+), sodium (Na+), calcium (Ca2+) and magnesium (Mg2+) in sediment samples 
while NH4Cl solution was used to displace sodium (Na+) from sediment samples. The analyses of exchangeable 
cations were performed by using the flame absorption spectrophotometer (FAAS, Perkin Elmer 3300, 
Massachusetts, USA). 
3.Results and discussion 
Descriptive statistic of physicochemical parameters, organic matter and exchangeable cations for sediment 
samples are given in Table 3. The CEC for sediment of Merambong Shoal ranged from (8.35–30.87 meq/100g).  
Factor loadings with a Varimax rotation as well as the eigenvalues, percentile of variance and cumulative 
percentage are presented in Table 2. Factor one accounts for 44.17 % of total variance, and strong positive loading 
was observed for pH, Eh, Na+, Mg2+, Ca2+ and CEC (Table 2). These results are in agreement with the results 
obtained using the Pearson’s correlation in Table 2. Pearson’s correlation analysis shows strong correlation exist 
between exchangeable Na+ and CEC with r=0.980 and significant at 99 % confidence level (p<0.01). This explained 
CEC of sediment of Merambong Shoal is greatly influenced by seawater. Halite mineral (Na+) derived from 
seawater that has been evaporated and become dominant in sediment. It would readily exchange through cation 
exchange process on the surface of sediment colloids [2,3,4]. For the ph and EH, strong correlation exist between 
this two variables with r= -0.859 and significant at 99 % confidence level (p<0.01). This indicates that Eh will 
proportionally decreasing with increasing pH, the Eh decreases due to the high oxidation and reduction occurs 
simultaneously in the sediment. 
 Meanwhile, factor two accounts for 21.40% of total variance with EC, salinity, LOI and Mg2+ loadings. The 
connection between Mg and sand is strongly controlled by biogenic carbonates. Biogenic carbonates of Merambong 
Shoal are originated from skeletal and organic remains of living organisms from the shoal sediment and surface 
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waters. Calcium is the major source of biogenic carbonates, which is abundant and important component in shallow 
marine biota sands. Biogenic carbonates contributes to the supplies of nutrient, temperature control [11] and dilutant 
of heavy metals in the samples [7,10], as well as plays vital role in the marine biogeochemical cycle [8,9,10]. 
 
Table 1 Descriptive statistic for selected parameters for sediment of Merambong Shoal (n=60) 
		
   	 	  
pH  8.05 8.34 8.20 0.08 0.99 
Eh  -66.27 -49.10 -59.17 5.10 8.77 
EC  9.70 19.00 14.12 2.83 20.40 
Sal mS/cm 5.50 11.40 8.18 1.79 22.27 
LOI Ppt 0.34 0.93 0.59 0.14 23.84 
 K+ % 0.42 1.34 0.80 0.19 23.55 
Na+ Meq/100 g 1.23 25.26 8.72 4.62 51.66 
Ca2+ Meq/100 g 1.15 4.56 2.17 0.73 33.41 
Mg2+ Meq/100 g 1.23 2.21 1.72 0.30 17.28 
CEC Meq/100 g 8.35 30.87 13.48 5.09 37.73 
 Notes SD Standard deviation, CV Coefficient of variation 
 
Table 2 The factor loading of the principle component analysis after the varimax rotation 
		
  	 
 1 2 3 
pH -0.91  0.29 
Eh 0.88   
EC  0.96  
Sal  0.96 0.10 
LOI 0.38 0.60 -0.23 
K+   0.87 
Na+ 0.65 0.42 0.31 
Ca2+ 0.68  0.34 
Mg2+ 0.72 0.51  
CEC 0.72 0.40 0.37 
Initial Eigenvalues 0.442 2.140 1.17 
Percent of Variance  44.17 21.40 11.71 
Cumulative Percent 44.17 65.57 77.23       
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Table 3 Pearson correlation among the sediment quality parameters 
 
 
 **. Correlation is significant at the 0.01 level (2-tailed). 
 *. Correlation is significant at the 0.05 level (2-tailed) 
 
4. Conclusion 
The analysis of the cation exchangable capacity (CEC) of sediment samples from twenty sampling points in 
Merambong Shoal, Johor revealed that Na+, salinity and EC portray significant role in controlling the total 
exchangable cations. The probable influence of seawater may have contributed to the domination of halite mineral. 
The output of this study provides background data on cation exchange capacity status for estuary sediment of 
Merambong Shoal. Due to lack of data and parameters, extensive study should be conducted in future for better 
understanding on the CEC and its characteristics in the sediment.  
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Variables  pH Eh EC Sal LOI K+ Na+ Ca2+ Mg2+ CEC 
pH  1.000 -0.859** 0.070 0.085 -0.305* 0.164 -0.411** -0.495** -0.608** -0.463** 
Eh  -0.859** 1.000 -0.006 -0.023 0.235 0.110 0.446** 0.467** 0.587** 0.503** 
EC  0.070 -0.006 1.000 0.999** 0.410** 0.083 0.360** 0.134 0.474** 0.356** 
Sal  0.085 -0.023 0.999** 1.000 0.401** 0.079 0.360** 0.137 0.461** 0.356** 
LOI  -0.305* 0.235 0.410** 0.401** 1.000 0.011 0.409** 0.099 0.605** 0.413** 
K+  0.164 0.110 0.083 0.079 0.011 1.000 0.129 0.201 0.095 0.209 
Na+  -0.411** 0.446** 0.360** 0.360** 0.409** 0.129 1.000 0.416** 0.499** 0.980** 
Ca2+  -0.495** 0.467** 0.134 0.137 0.099 0.201 0.416** 1.000 0.588** 0.551** 
Mg2+  -0.608** 0.587** 0.474** 0.461** 0.605** 0.095 0.499** 0.588** 1.000 0.576** 
CEC  -0.463** 0.503** 0.356** 0.356** 0.413** 0.209 0.980** 0.551** 0.576** 1.000 
